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Abstract
The investigation was inspired by the declaration of critically polluted industrial zones in India. It was also reported that 
most of the Common Effluent Treatment Plants (CETPs) are non-compliant due to higher COD values in discharge than 
regulatory norms. Furthermore, most of the literature has not reported the efficacy of advanced wastewater technolo-
gies for real industrial effluent. Thus, this research focused on field trials of scalable advanced wastewater technologies 
in Vatva Industrial Estate (VIE), Ahmedabad. The potential of physico-chemical and advanced treatment processes are 
explored for applicability in industrial wastewater treatment. Thus, for this research, three industries from each sector, 
i.e., textile processing, dyes, and dye intermediates, a total of nine different industries were chosen. A sufficient volume 
of effluent was collected from each industry for detailed investigations. The initial COD loading observed was in the 
range of 68 to 7074, 30 to 896, and 100 to 1541 kg COD/day for textile processing, dyes, and dye intermediates, respec-
tively, with significant variation in the qualitative profiles. The collected effluent was treated by electrocoagulation and 
Fenton’s reagent in batch scale reactors. The batch scale reactors for both the technologies were of 1L size. The results of 
treatability studies represented that Fenton’s reagent performed better than the electrocoagulation process for most of 
the industries selected in this study. This research provides insight for improvement in the environmental performance 
of the individual industries in general and CETPs in particular.
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1  Introduction

The pollution problem precisely due to industrial effluents has become severe in the last few decades in developing 
nations. Rapid industrialization adversely impacts the environment in general and water quality in particular. Water qual-
ity is central to all ecosystem functions it mediates. Pollutants from industries contaminate aquatic habitats and thus 
exhibit potential toxicity towards aquatic organisms and may enter the food chain [1, 2]. Further, it is well known that 
industrial wastewaters can be very different from sewage in terms of characteristics, related treatments, and discharge 
patterns. Nevertheless, many industrial wastewater treatment plants use biological processes as key unit processes. They, 
however, pose unique challenges in terms of performance and treatment outcomes [3–5].
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In India, a gap exists between the capacity of industrial effluent treatment and industrial effluent generated, mainly 
for micro, small and medium enterprises (MSMEs) [6]. This gap may lead to pollution of water bodies. In addition, popula-
tion growth and mushrooming of MSMEs with the absence of proper domestic and industrial wastewater treatment may 
create serious water quality problems for India [7]. Typically, the best way to address pollution emanating from industries 
is an implementation of cleaner production practices/technologies and waste minimization initiatives, supported with 
end-of-the-pipe treatments. The various environmental agencies, researchers, and scientists worldwide are under increas-
ing pressure to reduce the negative environmental impacts through scientific innovations and managerial approaches 
[8–12]. To control the menace of pollution, regulatory authorities across the globe have set effluents discharge standards 
and approaches to achieve these standards. The interplay of the volume of effluents, their qualitative profiles, produc-
tion and treatment process efficiency, and the overall regulatory framework determine the outcome of such systems. 
It is further likely that their individual and synergistic impacts could vary across and within sectors. In India, for almost 
all MSMEs, diversity in the treatability of effluent exists, which creates complex issues for wastewater treatment in Com-
mon Effluent Treatment Plants (CETPs). The concept of CETPs in India was adopted to achieve end-of-pipe treatment of 
combined wastewater to benefit from the scale of operation. In addition, the CETPs also reduce the number of discharge 
points in an industrial estate for better enforcement by environmental regulatory agencies [13, 14].

Usually, authorities of CETPs provide standard guidelines to all MSMEs with uniform loading of COD. These guidelines 
are usually as per the inlet norms of CETPs. Effluents released from MSMEs are finally fed to CETP for further treatment. 
Typically, conventional biological treatment fails to treat industrial effluents because the effluents from several industries 
are mixed, and as a result, it possesses complex characteristics. Biological processes are widely adopted for most organic 
wastewaters yet do not always give satisfactory results [8, 13, 14]. Especially for the treatment of industrial wastewaters, 
many organic substances produced by the chemical and related industries are inhibitory, toxic, or resistant to biological 
treatment. Therefore, wastewater treatment depends on biodegradability, as a ratio of COD (Chemical Oxygen Demand) 
and BOD5 (Biochemical Oxygen Demand for 5 days test), i.e., COD: BOD5. This ratio would typically be about 1.5:1 for 
domestic wastewater [15]. However, for industrial wastewater, the ratio is much higher and depends on the type of indus-
trial sector [5, 10, 16]. Therefore, advanced technologies based on oxidation may be the only viable options for treating 
biologically recalcitrant wastewater. However, treatment efficiency varies based on the characteristics of wastewater to 
be treated [14]. Overall, it has created a need for detailed treatability study for the critically polluted industrial cluster.

1.1 � Selection of study area for field visits

Literature search suggested comparative studies with appropriate advanced technologies are justified to meet regulatory 
norms for industrial effluents. Treatment of industrial wastewater is an excellent challenge in CETPs due to the complex 
nature of wastewater from different industries. However, research related to MSMEs and CETPs is not much explored 
[13]. Moreover, literature related to comparative studies on the treatment of industrial effluents is not widely reported 
in scientific documents to provide a proper understanding of the treatment efficacy of advanced wastewater technolo-
gies. Therefore, an attempt has been made in this research to carry out field trials to assess the applicability of scalable 
advanced wastewater technologies for industrial effluents.

Central Pollution Control Board (CPCB) of India has released the Comprehensive Environmental Pollution Index (CEPI) 
monitoring for Polluted Industrial Areas (PIAs) of India. The report stated that Vatva Industrial Estate (VIE) is a critically 
polluted zone with an overall CEPI score of 74.77 in 2009, 87.46 in 2011, and 83.44 in 2013. These values are entirely 
above the criterion for critically polluted CEPI score by the Government of India [17]. In addition, Vatva is located in the 
neighborhood of metro city Ahmedabad. Thus, Vatva emerged as a good candidate for the present study. However, the 
matter of caution about Vatva is that it has groups of heterogeneous MSMEs, primarily divided into three major types of 
MSMEs: textile processing, dyes, and dye intermediates. Therefore, CETP Vatva, with a group of heterogeneous MSMEs 
releasing their wastewater, provides an excellent research opportunity.

It was reported that except for COD, all other parameters of treated effluent released from CETP Vatva are as per the 
legal guidelines. Therefore, it is implicit that installing a tertiary treatment unit is essential—this unit is to be installed 
either by CETP or by more polluting member industries. However, if a tertiary treatment unit is to be installed by CETP, it 
is of large capacity, and thus it requires enormous investment. Instead, if a specific industry / industrial sector is chosen, 
then treatment cost for tertiary treatment is much less. Therefore, it is essential to explore treatability studies for each 
industrial sector. Thus, treatability studies are needed for the industrial sector by employing easy to operate yet efficient 
technologies.
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1.2 � Selection of technologies for the treatment of industrial effluents for the study area

Industrial wastewater contains complex and slowly biodegradable compounds often ineffectively treated by conven-
tional CETPs, which usually employ activated sludge systems. As reported in the literature, many advanced technolo-
gies are available. However, in the context of MSMEs in India, one has to choose low cost and effective alternative 
treatments which are capable to remove recalcitrant organic compunds from large volumes of effluents [18, 19]. 
Therefore, based on technologies reviewed in literature for the treatment of dyes in the effluent, two efficient treat-
ment technologies were chosen for the research, namely, Electrocoagulation and Fenton’s reagent [20–22]. Table 1 
depicts a handy and straightforward comparison of both technologies.

Thus, this research aims to fill the gap related to comparing industrial effluent treatment from textile processing, dyes, 
and dye intermediates employing electrocoagulation and Fenton’s reagent.

2 � Data collection and field visits

The preliminary survey and exhaustive field visits of Vatva Industrial Estate and CETP had been conducted with CETP 
monitoring representatives. Field visits helped to understand the basic infrastructure available at individual industries 
and CETP.

2.1 � Classification of industries for the research from the study area

It is crucial to choose specific industries in the heterogeneous industrial cluster, i.e., for VIE, because probably effluent 
from all member industries may be of different characteristics. In the case of the VIE, dual heterogeneity exists. First 
related to the ‘manufacturing sector’, i.e., textile processing, dyes manufacturing, and dye intermediates manufacturing. 
The second type of heterogeneity in each manufacturing sector is associated with the ‘scale of production’, i.e., small 
scale, medium scale, and large scale. During this research, it was attempted to identify the basis of the classification of 
industry. It was observed that government agencies classify ‘scale of production’ξ based on investment by industrial 
unit. However, in this research, classification based on investment is useless because the prime focus of the research is 
around treatability of wastewater which depends on the characteristic of wastewater and quantity of wastewater.

Further, it is well understood that the characteristic of wastewater depends on specific factors such as type of prod-
uct, type of manufacturing process, control of the process, and workforce skills. Thus, based on these parameters, the 
classification of industrial units is not possible. Another critical parameter is the quantity of wastewater generated, 
which usually correlates rate of production in the industrial unit. Thus, in this research, based on data collected from 
VIE, classification of small, medium, and large scale industries were made based on effluent generated to avoid any bias 
in the selection of industries. Table 2 depicts the classification of industries for this research. It is well-known that textile 
processing units consume excessive water and generate more wastewater than dyes and dye intermediates industries 
[23, 24]. Therefore, to serve the purpose of this research, the classification of industries of each sector is carried out based 
on wastewater generated.

One cautionary remark related to classification is needed to be mentioned that the range of wastewater generated by 
industrial units in a particular sector may vary in different industrial zones. For example, in VIE, small-scale textile process-
ing industries are classified as effluent generated less than 100 m3/day. In contrast, it is possible that in other industrial 
zone minimum effluent generated by any industry is 200 m3/d. Thus, in that particular industrial zone, the classification 
of industries needs to be done accordingly. Therefore, the classification used in the research may not be adopted as it is.

2.2 � Selection of industries for the research from the study area

After the classification of industries of VIE, industries in different sectors and scales were selected for further sampling 
and analysis for this research. Nine industries were chosen for further data analysis from three industrial sectors—Textile, 
Dyes, and Intermediates as mentioned in Table 3
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3 � Materials and methods

3.1 � Protocol for wastewater collection

The untreated wastewater was collected from nine identified industries of VIE. The names of industries are not 
revealed in the research, but for the identification of industries, codes are mentioned in Table 3. The wastewater from 
each industry was collected from the equalization tank of the Effluent Treatment Plant (ETP). It was decided to col-
lect 1000 L of wastewater in polypropylene (PP) intermediate bulk container (IBC) tanks (Times Technoplast Limited, 
India) of 1000 L volume from each industrial unit. Two such IBC are used for the entire experimental work. The first 
sample of homogeneous untreated wastewater was drawn to analyze common parameters, such as pH and COD. In 
all cases, the experiments were conducted within three days from the date of collection of the sample. The treatability 
studies were conducted in batch scale reactors for both the methods, i.e., Fenton’s reagent and electrocoagulation.

3.2 � Protocols for treatability studies

3.2.1 � Treatability studies with electrocoagulation

All batch experiments of electrocoagulation were conducted as per the standard protocol [25]. The experiments 
were carried out with 1L of wastewater in an acrylic cell equipped with iron anode & cathode and magnetic stirrer 
apparatus, which operated at a constant 150 rpm for homogeneous mixing. There were two monopolar electrodes, 
one anode and one cathode of similar dimensions. All cathode and anode were made from iron plates with dimen-
sions of 70 mm × 65 mm × 3 mm. The total effective electrode surface area was 45.5 cm2, and the distance between 

Table 2   Classification of 
industries in Vatva Industrial 
Estate (VIE)

Sector Observed range of volume of 
effluent (m3/day or kL/d)

Scale Range of volume of 
effluent (m3/day or 
kL/d)

Textile Processing (TP) 25 to 5000 Small (S)  < 100
Medium (M) 100 -1000
Large (L)  > 1000

Dyes (DY) 10 to 250 Small (S)  < 25
Medium (M) 25—150
Large (L)  > 150

Dye Intermediates (DI) 10 to 500 Small (S)  < 25
Medium (M) 25—150
Large (L)  > 150

Table 3   Details of selected 
industries for the research

Sector Scale Code Volume of effluent 
(m3/day)

Inlet COD (mg/L)

Textile Processing (TP) Small (S) 1 27 2550
Medium (M) 2 275 1040
Large (L) 3 3000 2358

Dyes (DY) Small (S) 4 18 1686
Medium (M) 5 49 1375
Large (L) 6 180 4981

Dye Intermediates (DI) Small (S) 7 21 4800
Medium (M) 8 105 6219
Large (L) 9 348 4430
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electrodes was 10 mm in all experiments. The current density was maintained constant employing a precision DC 
power supply (LD-3205, Aplab India). For each experiment, the pH of wastewater at different time intervals was 
measured with a calibrated digital pH meter (Systronics-335, India) and pH adjusted by adding 1 N H2SO4 or lime 
solution. For batch studies, 10 mL samples were drawn (at 0, 1, 2, 3 h) for COD analysis, and the remaining wastewater 
was discarded at the end of the experiment. All samples were individually filtered with ordinary filter paper before 
conducting COD analysis.

3.2.2 � Treatability studies with Fenton’s reagent

All batch experiments with Fenton’s reagent were conducted as per the standard protocol [26]. Identical to electrocoagu-
lation, all batch experiments with Fenton’s reagent were conducted in a 1L acrylic cell filled up with collected wastewater 
equipped with a magnetic stirrer which operated at constant 150 rpm for homogeneous mixing. For raw samples, 10 mL 
samples were drawn for all industries before pH was adjusted. Then, the pH of the solution was measured by a pH meter 
and adjusted by adding 1 N H2SO4 or lime solution. The regular dose of FeSO4 solution (30% solution w/V) and H2O2 (50% 
solution w/w) was applied as per the required quantity as suggested by Gulkaya et al. [27]. Experiments were conducted 
with the different quantities for trial and error to derive the most effective quantity of H2O2 for COD treatment. Based 
on the most effective dosage of H2O2, the concentration of H2O2 in the studies for each industry was identified and 
applied. For each experiment, the pH of wastewater at different time intervals was measured with a calibrated digital 
pH meter and pH adjusted by adding 1 N H2SO4 or lime solution. For all experimentation, 10 mL samples were drawn at 
every 30 min, and characterization was carried out. All samples were filtered with the ordinary filter paper individually 
before characterization.

4 � Results and discussions

4.1 � Key observations from CETP Vatva field visits

Figures 1 and 2 depict the location and site plan of Vatva. About 90% of the total industries in the estate are mainly 
engaged in the manufacturing of dyes, dye intermediates, pigments, fine chemicals, pharmaceutical products, and textile 
process houses, which contribute to wastewater generation. However, the small and medium scale industrial units having 
pollution potential located in the VIE faced constraints of space, finance, and appropriate technology for the treatment 
and disposal of wastewater in compliance with the provisions of the pollution control laws. To resolve this problem and 
prevent environmental pollution, a common effluent treatment plant (CETP) was established and operated by The Green 

Fig. 1   Location of CETP 
Vatva (CETP Vatva is man-
aged by Green Environment 
Services Co-op. Soc. Ltd., 
Ahmedabad)
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Environment Services Co-operative Society Limited (GESCSL) with the support of the Vatva Industrial Association (VIA) 
in May 1998. 

Each industry located in Vatva Industrial Estate (VIE) has to provide primary treatment to their wastewater and then 
send wastewater to CETP Vatva, operated by GESCSL. The CETP was designed for 16 MLD of wastewater to treat 3000 mg/L 
of COD to 250 mg/L of COD. Ministry of Environment, Forest and Climate Change (MoEFCC), Government of India (GoI) 
has declared Vatva as one of the critically polluted area of India. Therefore, further activities such as establishing new 
industries or expansion in industries are banned in the area.

Usually, the significant issue of noncompliance of CETPs may be attributed to undisciplined industries of the particular 
industrial estate. The industries can discharge their effluent directly in pipelines connected with CETP. This system enables 
industries to release effluent uncontrollably. As a result, the discharged effluent may be more in quantity or pollutant 
loading. Uncontrolled release of effluent with variation in quantity and inconsistent characteristics creates influent pol-
lutant loading level beyond to design criteria of the CETP. Thus, uncontrolled effluent release from individual industries 
serves as the starting point for noncompliance of the CETP.

The VIE has taken appropriate precautions to avoid all such problems associated with noncompliance of CETP. The 
VIE’s Effluent Collection System (ECS) is depicted in Fig. 3. This ECS is one of the best and exceptional among all industrial 
estates in India. The VIE has introduced ’Sump Room’ (SR), through which the effluent from industry is discharged in a 
controlled manner. The primary purpose of SR is to regulate effluent discharge from individual industries using a flow 
meter and control valve. In addition, the effluent samples are collected before releasing it into a pipeline. If any irregulari-
ties are observed, a penalty will be imposed on the industry, or CETP authorities can deny accepting effluent. Thus, this 
ECS ensures that individual industries are not empowered to release effluent in the pipeline. Instead, the authorities of 
CETP have complete control over the release of effluents. None of the individual industries can discharge effluent without 
permission and knowledge of CETP authorities. This ECS confirms minimal variation in the influent of CETP.

4.2 � Treatability studies of effluent from the Textile Processing (TP) sector

The treatability experiments were conducted for all three industries selected from the Textile Processing sector by 
employing a laboratory scale set-up of Fenton’s reagent (FE) and electrocoagulation (EC). It is reported that the main 
problem of textile wastewater is intense color and COD, which must be removed before discharge to the environment. 
Generally, color removal is achieved rapidly with advanced treatments. However, COD removal requires more time, even 
with advanced treatments [28]. The results obtained for all three industries are depicted in Fig. 4. Fenton’s reagent pro-
vides significantly better removal of COD for small and medium scale industries. Electrocoagulation provides marginally 
better results for the large-scale industry, as depicted in Table 4. Although inlet COD of industries 1 and 3 are almost 

Fig. 2   Site plan of CETP Vatva
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comparable, the treatment efficiency of both technologies varies a lot. This variation was speculated initially, and this may 
be attributed to specific chemical compounds present in the wastewater. This variation is not reported in the literature 
because most studies have employed synthetic wastewater for their research. The variation in results proves the need 
for this research before adopting any specific treatment technologies for the industrial effluent. 

Furthermore, laboratory-scale studies concluded that the steady-state condition was attained within 1 h of study for 
all the experiments employing EC and within 40 min by employing FE. Singh et al., [29] reported a similar observation 
for electrocoagulation. Ghanbari et al., [28] reported around 78% COD removal for TP sector effluent by employing EC, 
whereas, in this research, it is in the range of 61 to 75% removal. Similarly, for FE, literature reported around 60% removal 
for TP sector [30], whereas, for this research, the results were obtained in the range of 66 to 86% removal.

4.3 � Treatability studies of effluent from the Dyes (DY) sector

Dyes in wastewater usually present high stability under sunlight and resistance to microbial attack and temperature, 
thus need  proper scrutiny for identification of suitable advanced treatment technologies [31]. Therefore, the treatability 

Fig. 3   Effluent Collection Sys-
tem (ECS) at Vatva Industrial 
Estate (VIE)
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experiments were conducted for all three industries selected from the Dyes sector by employing a laboratory scale set-up 
of Fenton’s reagent (FE) and electrocoagulation (EC). The results obtained for all three industries are depicted in Fig. 5. 
Fenton’s reagent provides significantly better removal of COD than electrocoagulation for small, medium, and large 
scale industries, as depicted in Table 5. Although inlet COD of industries 4 and 5 are almost comparable, the treatment 
efficiency of both technologies varies a lot. It is also observed that inlet COD for industry 6 is almost 3 times higher than 
industries 4 and 5. However, both technologies provide better COD removal efficiency for industry 6. Again, these results 
emphasize that merely COD values are not deciding factors for selecting treatment technologies. 

It is reported in the literature that color removal by electrocoagulation is taking place by floc formation, and it is 
efficient [32]. Thus for synthetic wastewater, the technology looks appropriate. However, the results are sometimes not 
encouraging for industrial wastewater, especially COD removal [33, 34]. In contrast, Fenton’s reagent directly reacts with 

Fig. 4   Treatability studies 
of wastewater from Textile 
Processing (TP) industries, (a) 
Small—S, (b) Medium—M, 
and (c) Large—L by employ-
ing Fenton’s reagent (FE) and 
Electrocoagulation (EC)
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Table 4   Percentage removal 
of COD after treatability 
studies of wastewater from 
Textile Processing (TP) 
industries

Industry Scale Code Inlet COD (mg/L) Treatability with Electroco-
agulation (EC)

Treatability with Fenton’s 
reagent (FE)

Outlet COD 
(mg/L)

% removal Outlet COD 
(mg/L)

% removal

Small (S) 1 2550 980 61.57 336 86.82
Medium (M) 2 1040 340 67.31 238 77.12
Large (L) 3 2358 590 74.98 798 66.16
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organic pollutants and destroys them, thus better COD removal was obtained [35]. Malik and Saha [36] reported that 
dyes are decomposed in a two-stage reaction, and around 70% COD removal was observed for synthetic wastewater 
prepared using Direct Blue 2B and Direct Red 12B dyes. This research COD removal studies were carried out for effluents 
from dyes industries, and COD removal was observed in the range 58 to 74%

4.4 � Treatability studies of effluent from the Dye Intermediates (DI) sector

Dye intermediates are bioresistant and refractory pollutants. Therefore, conventional biotreatment fails to remove these 
chemical compounds [37]. Therefore, the treatability experiments were conducted for all three industries selected from 
the Dye Intermediates sector by employing a laboratory scale set-up of Fenton’s reagent (FE) and electrocoagulation (EC). 

Fig. 5   Treatability studies of 
wastewater from Dyes (DY) 
industries, Small (S), Medium 
(M), and Large (L) by employ-
ing Fenton’s reagent (FE) and 
Electrocoagulation (EC)
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Table 5   Percentage removal 
of COD after treatability 
studies of wastewater from 
Dyes (DY) industries

Industry Scale Code Inlet COD (mg/L) Treatability with Electroco-
agulation (EC)

Treatability with Fenton’s 
reagent (FE)

Outlet COD 
(mg/L)

% removal Outlet COD 
(mg/L)

% removal

Small (S) 4 1686 1082 35.82 712 57.77
Medium (M) 5 1375 995 27.64 497 63.85
Large (L) 6 4981 2102 57.80 1312 73.66
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The results obtained for all three industries are depicted in Fig. 6. Fenton’s reagent provides significantly better removal 
of COD than electrocoagulation for small, medium, and large scale industries, as depicted in Table 6. Although inlet COD 
of industries 7 and 9 are almost comparable, and industry 8 is 1.5 times higher than both, nevertheless the treatment 
efficiency of Fenton’s reagent is almost similar for all three industries. 

Strikingly, electrocoagulation fails to remove COD for all the industries selected from the DI sector. The reason may 
be attributed to the COD removal mechanism while electrocoagulation is employed. As per the literature, when elec-
trocoagulation is employed, floc formation occurs. Once the insoluble flocs of Fe(OH)3 are produced, they can remove 
dissolved dyes by surface complexation or electrostatic attraction. The dye can act as a ligand to bind a hydrous iron 
moiety of the floc yielding a surface complex, and removal of dye can be achieved [38, 39]. As the dye removal takes place, 
simultaneously COD removal is also attained. Now, for the wastewater from DI sector, such floc formation is ineffective for 

Fig. 6   Treatability studies of 
wastewater from Dye Interme-
diates (DI) industries, Small (S), 
Medium (M), and Large (L) by 
employing Fenton’s reagent 
(FE) and Electrocoagulation 
(EC)
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Table 6   Percentage removal 
of COD after treatability 
studies of wastewater from 
Dye intermediates (DI) 
industries

Industry Scale Code Inlet COD (mg/L) Treatability with Electroco-
agulation (EC)

Treatability with Fenton’s 
reagent (FE)

Outlet COD 
(mg/L)

% removal Outlet COD 
(mg/L)

% removal

Small (S) 7 4800 4056 15.50 1924 59.92
Medium (M) 8 6219 4680 24.75 2580 58.51
Large (L) 9 4430 4026 9.12 1974 55.44
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removing dye intermediates, and thus, COD removal efficiency is trivial. In contrast, the percentage removal efficiency of 
Fenton’s reagent for all three industries is almost similar, in the range of 55 to 60%, and better than electrocoagulation.

In all the experiments, the reaction time is around 60 min or less to achieve a steady-state condition. Similar observa-
tions are reported in the literature. The literature also reported that Fenton’s reaction has a relatively short reaction time 
and can degrade wastes with high COD concentrations (< 5000 mg/L). However, sometimes it requires a lot of hydrogen 
peroxide to achieve complete mineralization [40]. Thus, this research provided important information for operability 
parameters for industrial wastewater treatment using Fenton’s reagent and electrocoagulation.

The summary of comparative treatability studies is depicted in Fig. 7. For the wastewater from industries 1 to 9, the 
removal of COD seems much better for TP sector than the other two sectors for both treatment technologies. Interest-
ingly, except for industry 3 for all other industries, Fenton’s reagent depicted better performance than electrocoagula-
tion. The data from three industries of the DY sector represented variation in both inlet COD and outlet COD by both the 
technologies. No doubt that Fenton’s reagent represented better treatability results than electrocoagulation. However, 
treatment up to the environmental compliance level is not achieved. Finally, all three industries from the DI sector 
represented higher inlet COD values. Therefore, It was also experienced that treatability was most difficult for both the 
technologies employed for DI sector. Thus, the best suitable technology for wastewater treatment is not generalized for 
the specific industrial sector. It needs to be identified based on treatability studies of individual industries. In addition, 
no correlation can be established among industry type or industrial sector or for the suitable treatment.

Thus, the time required and efficiency attained for the removal of COD from industrial effluent are provided by this 
research. These parameters are essential for finalizing the dimensions of a large-scale reactor for industrial effluent. 
In addition, the study proves variation in efficiency across the treatments and across the industries, which is essential 
understating before adopting technologies for any specific industry for the treatment of effluents.

5 � Conclusions

The Effluent Collection System (ECS) for CETP Vatva is one of the best and exceptional across India. This ECS provides 
complete control to CETP authorities over the collection of effluents from industries. The ECS ensured that all mem-
ber MSMEs must control the quantity and characteristic of their effluent before discharge, and thus minimal variation 
in the influent of CETP was observed. Further, treatability studies were carried out by electrocoagulation and Fenton’s 
reagent for selected nine industries from the three industrial sectors, i.e., textile processing, dyes, and dye intermedi-
ates, in batch scale reactors. The results depicted COD removal in the range of 61% to 86%, 27% to 73% and 9% to 59% 
for textile processing, dyes, and dye intermediates, respectively. It is also concluded that no emphatic correlation exists 
between the scale of industries and/or treatment technologies and COD removal efficiency. The results of treatability 
studies by batch reactors represented that Fenton’s reagent performed better than the electrocoagulation process for 
most of the industries selected in this study. Thus, Fenton’s reagent provided improved COD removal performance from 
both scalable advanced wastewater technologies selected in this research for various industrial effluents. This study 
provides significant insight into the possibilities of industrial effluents’ treatment by employing a non-biological yet 
straightforward treatment process.

Fig. 7   Results of batch studies 
for Electrocoagulation and 
Fenton’s reagent for all nine 
industries
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